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NATTONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-165

TRANSONIC OFF-DESIGN PERFORMANCE OF A FIXED
DIVERGENT EJECTOR DESIGNED FOR A
MACH NUMBER OF 2.0%

By Harry T. Norton, Jr., Marlowe D. Cassetti,
and Charles E. Mercer

SUMMARY

An investigation of a pylon-supported nacelle model with a fixed
divergent ejector has been conducted in the Langley 16-foot transonic
tunnel over a Mach number ‘range from 0.90 to 1.06. The divergent ejector
was designed for a Mach number of 2.0 and a primary jet total-pressure
ratio of 10.1 with an afterburning primary nozzle and a corrected second-
ary weight-flow ratio of 0.042. The jet exhaust was simulated with a
hydrogen peroxide turbojet simulator. The average Reynolds number based

on nacelle length was 20 X 106.

The results of the investigation indicate that, for values of pri-
mary Jjet total-pressure ratio and corrected weight-flow ratio corre-
sponding to a typical turbojet-engine schedule, satisfactory performance
was obtained with the nonafterburning nozzle configuration over the Mach
number range from 0.90 to 1.00. However, the nonafterburning configura-
tion experienced a large loss in performance when the primary jet total-
pressure ratio was equal to a value for which the jet was just attached
to the divergent wall of the ejector. The afterburning nozzle configura-
tion experienced large off-design losses in performance over the Mach
number range of the investigation due to overexpansion of the primary
Jet. '

INTRODUCTION

Several investigations have been conducted to determine the effi-
ciency of the divergent shroud-ejector nozzle. (For example, see refs., 1
and 2.) The results of these investigations have shown that the divergent

*Title, Unclassified.
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ejector configuration provides a more efficient thrust system at the
higher primary jet pressure ratios than a convergent nozzle and also
indicate that the divergent nozzle should be variable in order to operate
efficiently over the pressure ratio range. The variable divergent nozzle
would also require that the external arrangement of the afterbody vary in
order to adjust to the change in the divergent nozzle exit area and to
maintain a shape having low external drag.

Because of the weight and complexity of a combination of a variable
divergent shroud ejector and nozzle, consideration has been given to com-
binations of a fixed divergent shroud ejector and afterbody designed for
a Mach number of 2.0 which will operate over the speed range without
excessive thrust and drag penalities. An investigation of the off-design
performance of such a fixed divergent ejector i1s reported in reference 3.
Further work on a similar fixed divergent ejector designed for a Mach
number of 2.0 has been conducted at transonic speeds. Some preliminary
results of the investigation are reported in reference 4. The present
paper gives the coff-design performance characteristics at transonic
speeds of the fixed divergent ejector with secondary airflow and over a
wider range of primary jet total-pressure ratios. Schlieren photographs
of a small two-dimensional-flow visualization model of the ejector used
in the wind-tunnel investigation are included.

The investigation was conducted at Mach numbers of 0.90, 0.95, 1.00,
and 1.06 with the model angle of attack of 0° and with a jet total-
pressure ratio from 1 (jet off) to 8. At each Mach number, secondary air
weight flow was varied from zero to a value required to give a corrected
weight-flow ratio of 0.04 or the maximum available with the air supply
system at the higher jet pressure ratios. The fixed afterbody-nozzle
arrangements were tested on a pylon-supported nacelle model with both
nonafterburner and afterburner nozzles. The jet exhaust was simulated
with a hydrogen peroxide hot-jet simulator as described in reference 5.

SYMBOLS
A area, sq ft
Cp drag coefficient, ——2
UPmax
CpAZ
Cp,a afterbody pressure-drag coefficient, -Z
} Apax
Cr,ej gross ejector jet thrust coefficient, a____;
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pressure coefficient,

drag, 1b
diameter, in.
Jjet thrust, 1b

ejector Jjet thrust, 1lb

ideal thrust for complete isentropic expansion of primary

y-1

2R Y P 4
flOW, W Tt,J 1l - < il )

g v -1 Pt’J
primary-nozzle jet thrust, 1lb

gravitational acceleration, ft/sec2

ejector spacing, in.

axial distance from exit, positive forward, in.
free-stream Mach number

mass flow, slugs/sec
static pressure, 1b/sq ft

total pressure, 1b/sq ft

ratio of primary Jjet total pressure to free-stream static
pressure

dynamic pressure, lb/sq ft
radius, in.

gas constant, ft/°R
stagnation temperature, CR

velocity, ft/sec
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W weight flow, 1b/sec
Wi ideal weight flow for choked exit,
_ L
2 \2(r-1) [ g
Pr s 1b/sec
t:JAP<7 - 1) RTy, 5’ /
Ws Ty s
—_— 2 corrected secondary-to-primary weight-flow ratio
W Ty s
P »d
b'4 longitudinal distance from reference point positive rearward,
in.
y afterbody radial coordinate, in.
7 ratio of specific heats
8 meridian angle, positive clockwise looking forward from
afterbody exit, deg
Subscripts:
a afterbody
b base
bal balance
e exit of afterbody
ex external
f primary nozzle base
fore forebody
i ideal
J Jet
1 local
max maximum
p primary nozzle
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S seal, secondary

t total, throat

0 free-stream conditions

1 forward compartment

2 outer compartment

3 inner compartment

APPARATUS AND PROCEDURE

Wind Tunnel

This investigation was conducted in the Langley 16-foot transonic
tunnel, which is a single-return atmospheric wind tunnel, with an
octagonal slotted test section. Tunnel Mach number can be varied from
low subsonic values to about 1.08.

Model and Support System

The pylon-supported-nacelle jet-simulator model described in ref-
erence 4 was used in the investigation. Figure 1 shows the model mounted
in the tunnel test section and figure 2 is a sketch showing the dimen-
sions and internal arrangement of the model and support system. The
nacelle was attached to the pylon through a four-component internal
strain-gage balance, and the hydrogen peroxide Jjet simulator which is
described in reference 5 was attached to the pylon through a strain-gage
thrust balance. This arrangement permitted the thrust and the nacelle
forces and moments to be measured separately. As discussed in reference 6,
the data for the pylon-supported model fairly represent a practical nacelle
installation in spite of an unknown interference effect of the pylon. The
Jjet simulator unit produces a hot-Jet exhaust at a temperature of about
1,350° F.

Ejector Configuration
The fixed divergent shroud ejector was designed for a flight Mach
number of 2.0 and a jet pressure ratio of 10.1 with an afterburner pri-
mary nozzle and a corrected secondary weight-flow ratio of 0.042. The

afterbody consisted of a curved boattail section with a small base. The
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primary nozzle only is varied to correspond to nonafterburning and after-
burning conditions. A sketch of the combination of the fixed divergent
shroud ejector and afterbody and the ejector parameters are shown in fig-
ure 3. The ejector geometry ratios, based on hot dimensions, are given
in the following table:

de/d_p dt/d'p db/dp L/d_p Lt/d‘p Divergence

angle, deg
Nonafterburner | 1.84| 1.52} 1.986 | 1.03] 0.12 11
Afterburner 1.41| 1.16| 1.51 | 1.00 .30 11
Tests

The model angle of attack was O° throughout the Mach number range
of 0.90 to 1.06. The average Reynolds number based on nacelle length

was about 20 X 106. At each Mach number, the jet simulator system was
operated at ratios of primary jet total pressure to free-stream static
pressure from 1 (jet off) to maximum values of about 8 for several con-
stant values of secondary air weight flow.

Instrumentation

Primary Jet thrust was obtained from the thrust balance, and the
external axial forces on the nacelle were obtained from the internal
balance. Pressures were measured on the afterbody, base, divergent
ejector walls, and primary nozzle flap. Primary jet total pressure and
temperature were measured in the tallpipe near the primary nozzle exit,
and the secondary air total pressure and temperature were measured in
the secondary air passage near the primary nozzle exit.

The primary weight flow was measured with a vane-type electronic
flowmeter located in the hydrogen peroxide supply line. The secondary
air weight flow was measured by using a sharp-edge orifice in the sec-
ondary air supply line.

Data Reduction
The forces, pressures, and temperatures were converted to absolute
values and standard coefficients by the process described in reference 3.
The thrust balance measured the thrust of the primary nozzle and some

internal forces. The drag element of the four-component balance measured
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the external axial forces on the nacelle, the force on the divergent por-
tion of the ejector, and some internal force. As shown in the appendix,
the ejector thrust Fej was obtained from the difference in balance
readings plus the external drag of the model and an internal-pressure
correction term:

Fej = FLal - Dpal + Dfore * Dg + (AS,E - As,l)(pl - p2) + mgVg

The locations of the areas and pressures are shown in figure k.

The -econdary air weight flow was determined for each test point by
using pressures measured at a sharp-edge orifice in the secondary air
supply line along with measured stagnation temperature. Figure 5 shows
the variation of the corrected secondary-to-primary weight-flow ratio
with jet total-pressure ratio for all test Mach numbers at constant

values of secondary air weight flow.
Accuracy

The estimated accuracy of the data presented in this paper is as
follows:

M ot e e e e e . 100005
. 7 U 1
pt)-.]/poo
Cp v v v v o ) e e e e e e e . ... t0.01
Crej - .. i s e e e .. ... +0.02
W T
_S/—tzi...........................to.005
Wp\ Tt,

RESULTS AND DISCUSSION

Pumping Characteristics

The variation of ejector total-pressure ratio py s/pt,J with pri-
J

mary Jjet total-pressure ratioc for constant values of secondary air weight
flow is shown in figure 6. Normally from these data plots it would be
possible to determine the effect of secondary-passage total pressure on
the amount of secondary airflow the ejector would pass. However, as seen
in figure 6, the change in ejector total-pressure ratio at constant
Pt,j/pm for the range of secondary air weight flow of this investigation

was small.
CONFIDENTIAL
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The flagged data points in figures 6(a) to 6(d) indicate data taken
as the primary jet total-pressure ratio was decreased from a value
required to attach the primary jet to the divergent portion of the ejector.
The difference in the ejector total-pressure ratio for zero secondary air
weight flow at primary Jjet total-pressure ratios around 4.0 is due to the
different attachment characteristics (hysteresis) of the primary jet with
increasing and decreasing primary Jet total-pressure ratio.

Pressure Distributions

Examples of pressure-coefficient variation over the afterbody, the
primary nozzle base, and the divergent portions of the ejector are shown
in figures 7 and 8 with the nonafterburning and the afterburning nozzles.
Only the afterbody pressure coefficients at 6 = 0° and the internal
pressure coefficients at 6 = 10° are shown. The data are presented for
several values of Mach number and test values of primary Jet total-
pressure ratio and corrected weight-flow ratio. It should be noted that
the test conditions at which the internal pressures are presented include
those shown for the afterbody pressure distributions. Base pressure coef-
ficients are included at 1/de = O (fig. 7) and 1 = O inches (fig. 8).

With the exception of the data at zero secondary airflow and
decreasing primary Jet total-pressure ratio (flagged symbols, fig. 7(a)),
the effect of the primary Jjet on the afterbody pressure coefficients was
similar to results of investigations with paraboclic afterbodies having
large ratios of base diameter to primary Jet diameter (for example, see
ref. 7) and the effect of secondary air was small. For the excepted case,
the afterbody pressures are more positive than for increasing primary jet

Wy [T
total-pressure ratio. (For example, see data for M = 0.95, ﬁi EELE = 0,
P t,d

and pt,J/pm = 3.9 1in fig. 7(&).) The afterbody pressures can be affected

by the jet shape and, with an ejector, hysteresis effects influence the

jet shape in a rather complicated manner. For this configuration these

effects resulted in more positive base pressures which, for the subsonic
Mach numbers, were felt well forward on the afterbody.

For primary jet total-pressure ratios lower than 3.5 the internal
wall pressures of the nonafterburning configuration (fig. 8(a)) are
established by the base pressure. (See ref. 3.) As the primary Jjet
total-pressure ratio is increased above 3.5 the internal pressures become
more negative. They reach a minimum at a pressure ratio of about 6.0,
and a further increase in primary Jjet total-pressure ratio then increases

CONFIDENTIAL
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the level of the pressures. (For example, see data in fig. 8(a) for

W T
M=1.06 and -5 [_t2S - 0.029.)
Wp Tt)J

The variation of the internal pressure distributions for the after-
burning configuration is seen in figure 8(b). The internal pressures
are affected at a much lower primary Jjet total-pressure ratio than for
the nonafterburning configuration. The pressure orifice located at
1 =1.96 is in the ejector throat and in general indicates jet impinge-
ment. Because of the jJet impingement between 1 = 1.96 and 1 = 2.85,
it is felt that the fairing of the curves between these two points does
not necessarily indicate the true pressure variation between the two
points. For the lower primary Jjet total-pressuré ratios of the investi-
gation, downstream from the ejector throat the pressures along the ejector
wall become more negative, then more positive, indicating attachment and
overexpansion of the primary jet. Increasing the primary Jjet total-
pressure ratio to about 8.0 produces positive pressures over most of the
ejector. At the higher pressure ratios the pressures over the divergent
portion of the ejector were little affected by the amounts of secondary
air used in this investigation; however, there was a large effect of
secondary air on the pressures over the primary nozzle base.

The internal pressure distribution for the afterburning configura-
tion (fig. 8(b)) indicates jet impingement in the region of the ejector
throat at lower primary Jjet total-pressure ratios than would be expected.
It was believed that the rounded shape of the primary nozzle exit changed
the initial shape of the jet boundary. In order to obtain an idea of the
effect of the primary-nozzle-exit lip shape on the shape of the primary
Jjet boundary, a small two-dimensional-flow visualization model of the
ejector used in the tumnnel investigation was constructed and schlieren
photographs were taken as the primary Jjet total-pressure ratio was varied.
The nonafterburning primary nozzle used in the tunnel investigation had a
short straight section at the exit and the afterburning primary nozzle had
a rounded exit lip. (See fig. 3.) The photographs in figure 9 compare
the jet boundary shapes from such nozzle exits with those from nozzles
having sharp-edge exits. There was little difference in the results for
the nonafterburning configurations (fig. 9(a)), but rounding the after-
burning nozzle caused the jet to turn out and impinge (fig. 9(b)). The
results shown in figure 9 indicate that the primary-nozzle lip shape can
greatly change the initial jet profile.

Drag Characteristics
The variation of the afterbody drag coefficlent with primary jet
total-pressure ratio at constant values of corrected weight-flow ratio

for each of the test Mach numbers is shown in figure 10. The afterbody

CONFIDENTTIAL



G066 2006 soe (LR XK BEE N & BN N N J LA X 3 ae
[ 4 .

[ ] . LJ . L
e L2 ) L J
L]

. .oon ..GONFIDENTIAIF”

: . oeos . oee .
L ] . * [ L [ ]
lo *®0e s000 G0 e o0

LA N X
es e
[ XXX ¥ )
.

LA AN N
sese
LA R X ]

drag coefficient includes the base drag and was obtained by integration
of the measured pressures over the afterbody and base. The effect of
the primary jet and of the corrected secondary weight-flow ratioc on the
afterbody drag was small. The variation of the external and forebody
drag coefficients with Mach number i1s shown in figure 11 for zero
secondary air and Jjet-off conditions.

Primary Jet Nozzle Performance

Two measures of the primary jet nozzle performance are the flow
coefficient or ratio of the measured weight flow to the ideal weight
flow based on the measured jet total pressures and temperatures, and the
thrust coefficient or ratio of the measured jet thrust to the ideal pri-
mary thrust based on measured primary welght flow and Jet total pressures
and temperatures. The variations of the primary nozzle flow and thrust
coefficients with primary Jjet total-pressure ratio are shown in figure 12
and are consistent with expected values (ref. 5).

Gross Ejector Thrust

The effect of primary jet total-pressure ratio and secondary air
weight flow on the gross ejector thrust coefficient 1s shown in figure 13
for the nonafterburning and the afterburning nozzles at constant Mach
numbers. For the nonafterburning configuration, data were taken at
increasing and decreasing primary Jjet total-pressure ratios. The data,
obtained as the primary jet total-pressure ratio was decreased from a
value above that required for jet attachment to the divergent wall, are
indicated by flagged symbols. The solid symbols indicate additional
data that were obtained from the continuous record between test points.
As a result of the difference in the response of the primary jet total-
pressure gage and the force-balance readout systems, the ejector thrust
coefficient for these points is slightly high for decreasing primary Jet
total-pressure ratio.

Nonafterburning.- The variation of ejector thrust coefficient with
primary Jjet total-pressure ratio is shown for the nonafterburning con-
figuration in figures 13(a) to 13(d). As the primary jet total-pressure
ratio is increased from jet off to about 4.0, the pressure distributions
in the divergent portion of the ejector are little affected by the pri-
mary Jjet, but, as seen in figure 8, are of the order of the base pres-
sure. However, as the jet boundary approaches the wall of the ejector,
the pressure in the secondary passage is reduced by jet pumping which
causes the jet to enlarge initially and attach to the ejector wall. The
loss in ejector thrust which occurs between primary Jjet total-pressure
ratios of 4.0 and 4.5 for low values of secondary air is a result of the
negative pressures along the ejector wall. Increasing the secondary air
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reduces the thrust loss as well as delays it to a higher primary Jjet
total-pressure ratio.

As shown by the flagged symbols in figures 13(a) to 13(d), the pri-
mary jet remains attached to the ejector wall to a lower primary Jjet
total-pressure ratio, and thereby produces larger losses in ejector
thrust than those for increasing primary jet total-pressure ratio. For
this ejector configuration the addition of about 2 percent secondary
air will prevent this extreme overexpansion as the primary Jjet total-
pressure ratio is decreased. This primary jet attachment hysteresis has
also been seen in the results of other investigations. (For example,
see ref. 8.)

Afterburning.- The variation of the ejector thrust‘coefficient with
the primary jet total-pressure ratioc is shown for the afterburning con-
figuration in figures 13(e) to 13(h). It can be seen that the ejector
thrust coefficient increased with the primary jet total-pressure ratio
without the sudden losses which occurred with the nonafterburning con-
figuration. However, as stated previously, jet attachment to the ejector
wall occurred at a much lower primary Jjet total-pressure ratio than for
the nonafterburning configuration, and as seen in the pressure distribu-
tions (fig. 8) the flow was overexpanded to such an extent that the jet
impinged upstream of the ejector minimum. The impingement of the primary
Jet upstream of the ejector minimum resulted in large losses in ejector
thrust over the range of primary Jjet total-pressure ratioc of the
investigation.

EJector Performance

The ratios of ejector thrust to ideal primary thrust are presented
in figure 1L at constant values of corrected weight-flow ratio for each
of the test Mach numbers. The effect of corrected weight-flow ratio on
the ejector thrust ratio varied somewhat erratically with Mach number
and primary Jet total-pressure ratio. Generally, for the nonafterburning
configuration, below a primary Jet total-pressure ratioc of about 3.5 the
addition of secondary air had little or slight detrimental effect on
performance and at the higher pressure ratios the larger amounts of sec-
ondary air usually caused an increase in ejector thrust ratio. The effect
of secondary airflow on the afterburner-configuration ejector thrust ratio
was generally small except at the lowest pressure ratios.

In order to indicate the losses associated with the off-design per-
formance of the ejectors, the variation of the ejector thrust ratio with
Mach number 1s presented in figure 15 at scheduled values of corrected
weight-flow ratio and primary Jjet total-pressure ratio. The variation
of primary Jet total-pressure ratlo and corrected weight-flow ratio with
Mach number is also shown in figure 15 and 1s considered typical of current
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operating turbojet-engine installations. It is obvious that, while
satisfactory nonafterburning operation is possible from M = 0.90 to
M = 1.01, there will be large losses above M = 1.01 for the nonafter-
burning configuration and that the performance of the afterburning con-
figuration is poor for the Mach number range of the investigation. As
shown previously, these losses are due to overexpansion of the primary
Jet.

CONCLUDING REMARKS

An investigation of a pylon-supported nacelle model with a fixed
divergent ejector designed for a Mach number of 2.0 has been conducted
in the Langley 16-foot transonic tunnel over a Mach number range from
0.90 to 1.06. The results of the investigation warrant the following
remarks:

1. The performance of the nonafterburner nozzle configuration at
scheduled conditions was satisfactory up to a Mach number of 1.00.

2. The addition of about 2 percent secondary air eliminated the
primary Jet attachment hysteresis with the nonafterburner nozzle.

%, The afterburner-nozzle configuration experienced large losses
due to primary jet overexpansion over the Mach number range of the
investigation at scheduled operating conditions.

L4, The initial shape of the primary Jet boundary and thereby the
ejector performance can be greatly affected by the shape of the primary-
nozzle exit lip.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., August 12, 1959.
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APPENDIX
METHOD OF CALCULATION

Drag System

The drag component of the main balance measured the axial forces on
the external surface of the nacelle and inside the afterbody to the cen-
ter of the rear seal of the model (see fig. 4), as well as an internal
pressure force. The equation for the external drag of the model is as
follows:

Dex = Dpa1 + (Pl - pm>As,l + (Pz - Pm)(As,e - As,l)

A A

R P B I O R AN IR At

s At

Because static calibrations indicated that for this investigation the
internal friction forces due to the secondary air were small, they are
neglected in the equation for Dgy. The internal friction force due to

the primary jet flow on the divergent ejector surface, which is measured
by the drag balance, is also neglected. The external drag is defined as
the sum of all the axial forces acting on the external surface of the
model, including the base (that is, the forebody plus the afterbody drag).
Therefore, the forebody drag is as follows:

Deore = Dex - Dg (2)

The forebody drag varied only with Mach number and was determined from
Jet-off tests. The afterbody drag does not include the friction drag;
therefore, the forebody drag obtained using equation (2) is actually
the drag of the forebody plus the friction drag of the afterbody.

Thrust System

The thrust balance measured the primary thrust plus some internal
forces including the thrust of the incoming secondary air. Static cali-
brations with the primary jet off indicated that the thrust of the

CONFIDENTTAL
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incoming secondary air and the friction forces in the secondary passage
were small and for this investigation could be neglected. Therefore the
thrust of the primary nozzle is

Fp = Fyg1 + (Pl - Pw>As’2 - (pf - pm>(As,2 - Ap) (3)

The locations of the balance, areas, and pressures are shown in figure L.

Ejector Thrust

The thrust of an ejector is the sum of the primary thrust, the
secondary thrust at the plane of the primary nozzle exit, and the sum of
the pressure and viscous forces acting on the wall of the ejector down-
stream from the primary nozzle exit. If the viscous force acting on the
ejector wall is neglected, the expression for ejector thrust is

Fej = Fpa1 + (pl - poc.)As,2 - (Pf - pm)(As,2 - AP) + mgVg

At A

R N R

S

The propulsive force can now be obtained by taking the difference of the
ejector thrust force and the external drag force.

Fey = Dex = Fbal - Dpa1 + (pl - P2)(As,2 - As,l) + mgVg (5)
Then, since
Dex = Drore *+ Da
the ejector thrust is

Fej = Fpal - Dpa1 + (Pl - P2)(As,2 - As,l) + mgVg + Deore + Dy (6)

CONFIDENTIAL



..0. : : .rooﬁpmm.\;rr.m... .... 0:0 : .:0 :... LN 15
REFERENCES

1. Greathouse, William K., and Beale, William T.: Performance Charac-
teristics of Several Divergent-Shroud Aircraft Ejectors. NACA
RM E55G2la, 1955.

2. Trout, Arthur M., Papell, S. Stephen, and Povolny, John H.: Internal
Performance of Several Divergent-Shroud Ejector Nozzles With High
| Divergence Angles. NACA RM ES5TF13, 1957.

5. Swihart, John M., and Mercer, Charles E.: Investigation at Transonic
Speeds of a Fixed Divergent Ejector Installed in a Single-Engine
Fighter Model. NACA RM L57L10a, 1958.

4. Runckel, Jack F.: Preliminary Transonic Performance Results for Solid
and Slotted Turbojet Nacelle Afterbodies Incorporating Fixed Diver-
gent Jet Nozzles Designed for Supersonic Operation. NASA
MEMO 10-24-58L, 1958.

5. Runckel, Jack F., and Swihart, John M.: A Hydrogen Peroxide Hot-Jet
Simulator for Wind-Tunnel Tests of Turbojet-Exit Models. NASA
MEMO 1-~-10-59L, 1959.

6. Swihart, John M., Mercer, Charles E., and Norton, Harry T., Jr.: Effect
of Afterbody-Ejector Configurations on the Performance at Transonic
Speeds of a Pylon-Supported Nacelle Model Having a Hot-Jet Exhaust.
NASA MEMO 1-4-59L, 1959.

7. Englert, Gerald W., Vargo, Donald J., and Cubbison, Robert W.: Effect
of Jet-Nozzle-Expansion Ratio on Drag of Parabolic Afterbodies. NACA

RM E54B12, 195k.

8. Kochendorfer, Fred D., and Rousso, Morris D.: Performance Character-
istics of Aircraft Cooling Ejectors Having Short Cylindrical Shrouds.
NACA RM E51EQ1l, 1951.

CONFIDENTIAL



LA X ] LN )
(] e o
L X ] °

e "vee .. CONPIDENTEAL, ,

LN J
L J
[ )
L]
(]

eoe o000
L]
o
° [
o00e ooo

*Tsuuny OTUOSUBIZ 300J-QT 9Y3 UT PST[BISUT Apogqralje
J10303(9-3Us3I8ATP POXTJ U3TM Topow oTTedBuU pojaoddns-uoTAd Jo ydeadojoyg -*T aan3t4g
9T¢2-16-T

CONFIDENTTAL



17

CINFIOENTTAY, *°°

*SSYDUT UT 5JIB SUOTSUSWID TTY

jioddns oc:m\

‘Tepou sTT90euU pajsoddns-uoTAd Jo Uo3ayg -*g aand1g

JUI]424U3D {DJUOZLIOY |SPOW
04 |3|1040d 3up|d Ui |104410

240-4DJN2AD YOIy} -4udDIBd-G

aulp 1o Kiopuosag aj0id Buyunop
sul| apixosad

uabouphy

990.d sinssasd 040

=

G982 00021
06ec'e Scl'ly G962 000t
ose¢ 00092 SLie 000 I
0gee 00s'¢2 004" 000’8
PA AR 00602 ot i 000'G
080°¢ 00002 06%°0 0002
ura "l ‘x ur ur‘x

‘snipoy | ‘uoyoyg | ‘smipoy | ‘vonoig
S3ILVNIOHO AQ093404

30D ¥20yg |

896'19 Gally
DIS ‘0IS

$|D3S
a|qIx3| 4
Jaquioyd uoisisodwo2a(

abossod 110 Asopuosag —

20UDjDQ SNy

aouo|oq
jusuodwod-

13pul1)ho sauu|

CONFIDENTIAL



.
[ ]

"o tolFrDaR AL

18... o080 oo

06 0000 000 0000 SO0 oo
L]
L]
[ ]

*Apogaay e

LY8 0cg'¢e 13usngay0 ‘dojy
v8.2 €.0°¢ uo ;0Q1 PUD ,0l=§ 40
120 | 0882 P2J030| MOJ (DULB4U|
gog’ cov € PEIT L PETNT) uou ‘doyy
ocL 198 ¢ uo ,00I Pu0,0l=§ 10
8090 | €8¢ ¢ P34030] MOJ (DUIB4U|
005" | 2961 T o
08¢’ o6y |
GGe 000 | ,
cpl 09¢’ 00! L01=9 10
G200 | 001'0 P34020] SMOJ |DUIBIU|
8182 | LvO 11 e o
e8I 2014
8GS'| 2119
vOg | 2lL's
0501 | 021y
S6l’ 021'¢
ops’ 0cie
g8z |0zl o
1¢0 oc 0291 006 oSt O =8 10
0000 | 0000 P8)020| SMO. jDUIIIXT
3p/17 7

NOILYD01 3014140

*S3UOUT U aJ8 SUOISUSWIp TV

Tozg 96¢ | 182

v8 _082.52% ‘
920222 S2v|92e 968 [G12

J3UINQIS4OUON

13UINg3}y

(] 1 9P ip i ap dp

i

sa4ny04adwaj 4oy 10} PAIONDI0D

10| /62icey Ggel26e t.ﬁ
§v0jOb 2 £2¥ Ga% (265 2l e

| 13uiNQi3}}0UON |

JAUINQI3L Y

|

I |

1 T
Ml lwla 9

i

54U3WAINS0AW P|0D

NOISNIWIG ¥0L103r3

3jzzou
JAUINGL34 LY

Kiownd

d_—r—1

pue J0305(2 pnoxys JUSSISATP POXTJ JO UOTIBUTQWOOD JO UYI3aNG -'¢ oanBTg

grie Ev8Yl | 896 19
PR AR PesSbl | 61219
L1662 2g8l'el | L0609
99v'2 6962l | ¥60° 09
98’2 L0B ¢l | 2¥6'6G
166°¢ 8¢cC¢l | £9¢° 68
6GG'¢ LS 121 | 282 66
G8G°¢ ¢i16'11 | 820'6G
6£9°¢ prell | 69Y 8S
204°2 2eC0I | L9946
19.°¢ 61,6 | vb89G
6182 8068 | ¢¢l 9G
0.8'¢ v608 | 612 GG
L16¢ 282 L | L0V PGS
€962 69’9 | PBS €S
800°¢ LG9'G | 28L° ¢S
£G0¢ vr8'Yy | 696716
160¢ Se0p | LS1T1G
681 ¢ 612'¢ | e OS
LL1E LOv'2 | 2eS6b
olge P6G&! 61,8
ore'e 28.L L06 LY
0S2'¢ 0000 mm_.NVL

A X 0I5

SILVYNIGHOO0D T¥NA31X3

6ap ‘g

896

19 08

1NJs jioddns
40 3bpa buipos] - T
=
1 _Al
aqoud aunssaud
5™ 10404 43
S| dp 3qo.d ainssaid
3p 10404 A10pUOIIS 312z0u Asowud
13UINQU340 UON

0=8 10 uo142ag

GZl'Ly OIS

CONFIDENTTAL



19

CONPIBENTIAL *** eee’

[ X R XX J
*

*swa3shs FeIp pue 3snayy SUTMOYS WeIFBIP OT}BWLYDS =4 aaITyg

%‘ | : T T
mqamm. o 1 25y |
} v ¢
Mknll " \ ._r e<  N— ld
= =N @hﬁﬁﬂu_\ e A
bg AN
d a*/_./mp/ £ mucc_onL Nal\ XDy _.m< moco_ch

-~
®©d

ysnayy

bouq

CONFIDENTIAL



IOt A e B o e N I LR
260.0 eese seo * e0e oo "CONFI‘DENT;:A;J'. e o e’

A2 N ALIE
: W, Ib/sec
P il i g .014
i 1o 019
i oA .028
i g 037
: 4 056
10 i O 085
= O L3k j'
w Q140 BpmpmE :
.09 Open symbols, increosing H
primary pressure ratio [
Flagged symbols, decreasing ;
o8l rimary pressure ratio
RIS R s B

07}

P1,i/Paw

(a) M = 0.90; nonafterburning nozzle.

Figure 5.- Variation of corrected weight-flow ratio with primary
pressure ratio at constant values of secondary air weight flow.

CONFIDENTIAL



:..: E .E :.GON}ImnérijL.::. .::. .E. E ‘:. :... :..

LR A 2 s W, fb/sec %m
i E o o013
: O o8
‘ A 027
: N 036
; D 054
i O .08l
O 106
; ¢ .140
Open symbols, increosing
4 primary pressure ratio f
' Flagged symbols, decreasing |

\ primary pressure rafio

N A T T

N

iR R b

il

2 3 4 ) 6 7 8 9
Pt /Poo

(b) M = 0.95; nonafterburning nozzle.

Figure 5.- Continued.

CONFIDENTIAL

.
L]
21



22.,

Ws

Tt,s

000 0000 000 S00C 000 oo (XX (X ]
L] . * [ ] L] [

. o::E .E. ..E .E.‘ .::o .:hoﬁrib X

Tf7j

Wp

1T R LLIERIRE LRR) ta2d atansnatss E18 et

Wy, Ib/sec

013 il
ol7 fiH
.025 :
.034
.051
.076
.100
. . 140 :
TOpen symbols, increasing
5 primary pressure rotio ]
Flagged symbols, decrecsing i

primary pressure ratio 3

QoD DPD OO

)
f
!
!
i

o]

pf,j /l:)(D

(¢) M = 1.00; nonafterburning nozzle.

Figure 5.- Continued.

CONFIDENTIAL



(X X 2]
s000
[ XXX X J
[ ]
(XX 1]
LY 2 J

Ottt AL eee vee” ede 1 ele Seee See

.|35-g TN H 1w, Ib/sec

S?

O

0I5 i

.023 b
.030 it

.046

070 i

091 ]

< OD DpboOO

, 415 iliH

Open symbols, increasing
primary pressure rotio

primary pressure rotio

;1:1!0I'1}llll!¢t

1
1

I Flagged symbols, decreasing 1

] 0

}
i
1

ieseasnes:

p’)]/pw

(d) M = 1.06; nonafterburning nozzle.

Figure 5.- Continued.

CONFIDENTIAL



2)_‘_.000 eeee so0

Tt,s
T,

Wg
Wp

® ] e o . T o o o0 o .
[ X X [ [ X ] (X} [ ° [} e o0 o o [
[} . e [ (XXX [ o o e o [}

o ooo (XX ] omNFIDM (X ] [ [ (X ]

| R R R R R A I
m

W, Ib/sec -

]
H T

037 1

.045

.067

.085%

A2l

.145

T

Pt,j /P

(e) M = 0.90; afterburning nozzle.

Figure 5.- Continued.

CONFIDENTIAL



X :ooo ool25

sed Gose ecee
.
(XX ]
[}

eee ®

X o0 XX/
¢ o L4

° (X ] CR g

see . .

ssse ses

N A

SONEIBE

o

P1i /Poo

(f) M = 0.95; afterburning nozzle.

Figure 5.- Continued.

CONFIDENTIAL



2

: .:. .... ....Cd.l\;l;iDEN". 0.. : : ”...

JBAia2EE ERRITRERL IS RRIIIEIR L20220LTAE T

M@, Ib/sec

.035

046
A 055
N 076
D 109

.14

Ptj /P

g = . ;y & rourn nozzle.
(g) M = 1.00; afterburning 1

Figure 5.- Continued.

CONFIDENTIAL




T

NTiﬁi‘ oco. 00". L4

Pt,i/ P

(h) M = 1.06; afterburning nozzle.

Figure 5.~ Concluded.

CONFIDENTTATL



pfeet weed Wl 3R tils *ilcoYDENTIAL.

|
Open symbols, increasing
primary pressure ratio
| Flagged symbols, decreasingi
| primary pressure ratio :
i QL]
L2 * _ ;
Ws, 1b/sec Rk : 1 g L
0.140 0 : B “\\e :::.L
3 |
T
_ 113 © 5
a
~
mu.
& 085 o
.056 DB
.037 b
.028 &
019 © r
0l4 o — :
; T N
S R I (B £H ;
o ok 0 : : : ! i
° | 2 3 4 5 6 7 8 9 10

pt,j/poo

(a) M = 0.90; nonafterburning nozzle.

Figure 6.- Variation of ejector flow characteristics with primary
pressure ratio at constant values of secondary air weight flow.

CONFIDENTIAL



9

see (\J
.

[ X 24
[ ]
[ ]
]

L d
]
® L]
200 0000 00

(X ) o e 2086 08 0008 Ou0
L} o @ . Ld L
L d [ .8 .e [ ] one
. . L]
s O

CONRIBENETAE, ece® oo

= e - e
S £ =
B s Hg
saEEasaseass s e =
onisie s q ©
SSSEE = S
o
m S s e fn e e e e o o i sl oy et R e e ok S8y I s o3RS ] v Skl fad s o] P BiEes et B o e t~
o o =
£ o 9 o7
(Pl =i ot e e e s o SRSl s et ) ey St et et et | S FUE! ekl el EEEE v MESS pRC o Fis A feem e Y LI
%0 o O
I
[T @ ©
[P
.I..Ultluw,y
~® O
-
o+ Ex
aasa
>
0 90
c EoE
o T 9¢C
nnurplan.
' 1 <

Wg, Ib/sec

0.t40 ¢

106 ©
08

_:a\m.._a

054 b

[N

036

o8 o

= 0.95; nonafterburning nozzle.

(b) M

Figure 6.- Continued.

CONFIDENTIAL



80 290 Sue 000 B0 oo ses (X ] * .o
L L L] L] L L]
[ ] aee ' o se® L X J
L ] .

5(;..: ...: .:0 : [ XX J L XN ::QommTiAL..

10 : T e 1
L Open symbols, increasing ;
primary pressure ratio :
.8 Flagged symbols, decreasing !
primary pressure ratio
W, Ib/sec
0.140 ¢
-— .100 o
a
N
m-.
& 076 o
051 B
034 n
.025 a
017 0
013 o
0 o

Pt,j/Poo

(¢) M = 1.00; nonafterburning nozzle.

Figure 6.- Continued.

CONFIDENTIAL



Wg, Ib/sec
.15 ¢

— 091 o

<

w-

& 070 o
.046 D
030 b
.023 a
015 ¢
.01 a

(0] o]

[ ] e ¢ L .o * LA (XX J .’.. .:. :... .:.
IR TR I DI T
.....: : .CONFMNTIAL'.. [ XX ] e0e o [ XX J

[ XXX X X J
[ ] L
[ XX L

L}
em00 S0

i

O O A R

Open symbols, increasing

primary pressure ratio

Flagged symbols, decreasing

rimary pressure ratio

i

T i 1

(d)

Pt,i/Poo

M = 1.06; nonafterburning nozzle.

Figure 6.- Continued.

CONFIDENTIAL

31



i edwhata B

1.0
.8
.6
.4
.2
W, Ib/sec
_ 0145 o 0
5.
N
mn
a .28 b 0
.088 N O
.064 a 0
045 © O
.037 n o]
0 o 0

Pt,i/P

(e) M = 0.90; afterburning nozzle.

Figure 6.- Continued.

CONFIDENTIAL



see NN\
. [
. )
ecene

[
(XX ]
[ ]
.

L XX ) 008 908 G000
° o . 4
. 'Yy LX) [
[ ] L
(Y X

CONHIBENTTAL, eos” voe

Ov:.‘{ S

O‘

lO IH

Ws, Ib/sec

15 D

“14/5'%

080 &

.065 &

043 & Of :

,i/P®

Py

afterburning nozzle.

= 0.95;

M

(f)

Figure 6.- Continued.

CONFIDENTIAL



Ws, |b/sec

~0.141

Pt,s/Pt

109

076

.055

.046

.035

N N R R IR
ry .ooch.F.iDENS_[zIALQ‘ : : .'c.

pf,j/pm

(g) M = 1.00; afterburning nozzle.

Figure 6.- Continued.

CONFIDENTIAL



25

LA J

90® 900 0600 680 S000 000
L]
[ ]

[}
(X ]
o060

(X X}
(X ]
L ]

*8
[ ]
[ X X 2 J

CONPIBENTIAL *°°

(2 A 2 ]

e

°
[ XX XX J

edvos

Wg, Ib/sec

0129 o
101

/s

072 b

.054 a

038 o oOf

.032 o

Pf,j/pm

(h) M =1.06; afterburning nozzle.

Figure 6.- Concluded.

CONFIDENTIAL



P0G 0800 L0d 0000 Ooe oo aee LR J
[ ] L] [ ] ] [ ] [ L] . o [
[ [ ] see L d [ XX ] L] L R J .' . L

56.. ®000 oo e dee o0 "‘CONFIMIAL'

Ws Wy Tis Ws s /Ts
) = — = 0046 =0036 / ——==0029
— AW T'J =003 Wp/ ] W 11 Mo HJ
_ 3 Ptj/Po PP [ T ] [ Pry/Pe | Pt,j/Po
o 19 020 | | 026 023
o 39 ra 34 1] 04| g o35 A
—2-0 8l 080 — 080 —g 080 g
= A Z AN NGy
ke =5 s I s B
oINS f
M=020 M=095 | M=100 M=1.06
T R LT L[
W t,s W We t,s W
—4.— /===0020 _= — /==:0026 / =0020
Pt,j/Pao P/ poo_“J Pt,j/Poo I pt,i/ Pao
025 B | o24 025 | 025
lo27 o4l o e 035 )
—2‘*060 080 080 —F - 8.2
C o o
p
0 a7 N A By
Rl o 094 g
L
0
| | L
e e 1 D a1 L Ay LD m
W,/ T Wp/ Tj W,/ Thj ol Thj
-4r pf,j/opoo r Pt,é/lpoo ©Ptj /P ™ Pt,j/Poo
O 2. ro 2. T ro 1.8 To 2.1
-3r0 34 -0 34 -0 35 -0 3.6
10 40 ¢ 39 &394 1O 4.2 y
_ a4l [ a 39 243 NG -
' 8 JA
. Bl &L
_.| o —f— /@%
By N |
! |
O
|| | || N |
A {_LL____ ‘ : ~Flagged symbols indicate decreasing |
l————*“—l_ ~___Jef f- ~ primary pressure ratio 1
2‘ - | L T N N M S | SR T W T B
20 20 10 O 30 20 O O 30 20 10 O 30 20 10 O
1/de

(a) Nonafterburning nozzle.
Figure 7.- Varlation of afterbody pressure distributions with primary

pressure ratios at several values of corrected welght-flow ratio.
Row located at 6 = 0°.

CONFIDENTTAL



Wy T 4 W T W_S T 0035
_4_Wp Tm = 0040 W, T',J =003/ W T"J Tr,J —2:0032
L Pt,j/Poo L Pt j/Po Pt,j/Poo pf,j /P ]
_3+0 25 ~o0 25 ~020 o2
Lo 36 Lo 36 039 | 040
_o| 0 40 © 62 ©60 | ¢ 6.0 £
& A | \
_| 8‘\ ’& N\n §\ % N %
NS %
3
O T™=090 | § M=095 M=100 M=1.06
—tt F—t— 11 L —
TEwg /T w, /Ty w, /T W,
] S S fs _ S _hs _
. Wy ) = Tr,J =0030 3= i Tm =001 g /0021 = /55:0020
L Prj/Poo L Pr,j/Po Pt,j/Peo L Pj/Poo
-3L024 -0 25 L0 20 Lo 2.2 1
_ 034 | 036 060 060 /
_pl 06 o 6.1 75 1A © 80 é\?
N 3} -
0 ]
1w Qis =0 Y /s 0 s h-o W l'_s_-oJ
2 Wo/ THj Wo/ Tij W/ Thj W/ Ty
- [ Pt,i/Pao L Pt, j/Pco | pt,j/Poo | Pt,j/Pao
020 020 019 o 2.l
-3ro 30 ~0 30 ~0 30 "0 36 .
Lo 40 Lo 4] -0 4.0 y - O 4.0
-2 )
4R ‘
—.| te AR % s~ i b
e >
0
L ———Jet off
! I
30 20 10 O 30 20 10 O 30 20 10 O 30 20 10 O

L o8 e
L] * o
. . ..

CONF'IDENTIAL eos’

.... 00057

e

(v) Afterburning nozzle.

Figure 7.- Concluded.

CONFIDENTIAL



eee oobe o
L ® [ ) L]
L] (XX L]

3905 went o

s ete “ese oo o CONKIDBNITAL ¢ o “..°
M=090 M=095 M= 100

M =106

B.’xx,\x»

W 1,5 Ws  /Tis Ws 1,5 We Trs
- — =003! _— —=:0046 =~ = 0036 = ——=0029
Wor/ T Wo v Th,j Yo/ Ty Wo/ T
P1,i/Poo P1,i/Peo P1,j/Poo Pt,j/Poo
o 19 o 2.0 o 1.8 o 23
a 26 o 25 m 26 o 3|
-2 ¢ 3.4 ¢ 35 o 4. o 35
4 39 l 462 s 60 & 60
8 b 8| 1 5 8.0 b 80 & 80
- 1 | A
_4 ] N L i T [
O\ éﬂ : o2 — — ‘ lr 11 T i ]
: I ! i i |
f I W T ] T B B A
46 s t,s L i !
- Wg t,s Wa T 0028 Ws Tt s Ws Tis
5 _hS [ 1] s .S _S S .
gl Wp Tt 0020 P, '/DCD t Wp Tt 0026 L wp T 0020
Py i/Poo ! .. /P,
1 o 24 ',J/m P, . /P
-1.6 o 25 2 29 o 25 1,i/Po
a 2.7 [ [ o 3.3 a 30 o 25
-2 ° 35 s 4.1 ° 35 o 35
s 60 s 6.2 a 6.1 o 6.1
s N ‘D 80 » 80 a 82
’ | )\ JI’\T‘*W\; h—d ol lob—g |
Cp_q | ) NP N 3 N i\ |
! S 1 MES e <3

| DONS S A -~ 7]

O‘ s Yﬂ’)‘fﬂ h &= ’ e — ] <
H | I i\ }

L] p',j/"‘Jo i PLj/Po | 1 ' 1 ‘ { i
4 o 20 o 2.1 T P/ P 1 T
T8 st T e o e
. s 20 © 34 o 30 o 2.1

N 4] a 39 Wy Tis © 35 Wg Tts o 30
_ - 839 W/ T %439 w /700 38
1.6 l ] ‘\J 3.0 n 35 Ap ,14 Ind3 D 1] s a9
r ™ [:: f T T I3\13.4 ] NN
—1.2 ! : ?\ ‘ =t \ T— ~ ——0, 30
R AN R R
-8 A - - \ [ 1 T
wo S ae MM LT e LT
; _F Ll oy
or 1 l % : = ! % J -
4 T  Flogged symbols indicate decréasing primary pressure ratio 4‘ ] _LJJ*
"4 3 2 | 04 3 2 1 04 3 2 1+ 04 3 2 | o
7 in.

Figure 8.- Variation of pressure distributions over divergent ejector
with primary pressure ratio for several values of corrected weight-
flow ratio.

(a) Nonafterburning nozzle.

Row located at 6 = 10°,

CONFIDENTIAL



[N
LLLON

QNFIDWM I... .... L ]

e

-]

1.06

~4]

~ 47

N

N

M

sl
oo
o3
D

ANAY
o=

=0.02I

1.00

Tis
T

§oy'y

T,j
A
AR

Tts

M

s
Yo
ke

S

Wp

in

Wi

=0019

A
P\\ FA]

Tf,s
Tt

Wi

CONFIDENTTAL.

Tts
T
/P
P —
~4

|

M =095

T e e

~

J

WS
%o

Bad]
Py

4

o8N

Wo

|

Wy

(b) Afterburning nozzle.
Figure 8.- Concluded.

:

=0.030

090

Tts
i

Tts
T,

M

W

~1.2 - Wp

-Wp

F W




LT S 8 T ORDNCL 3 80y AR

s —

Sharp exit 1lip Flat exit 1ip

Pt, /P = >0 Py, 3/Pep = 50

(a) Nonafterburning nozzle. L-58-1a.1

Figure 9.- Effect of primary nozzle exit shape on the primary
Jet boundary. M = 0; Wg = O.

CONFIDENTIAL



e s ee s o te s J':.:T C:"? ﬁ:"?
.oo' : : .mNﬁIDEI\ﬁI‘.I.A.L’.... -oo. o:o . eoe

_——/fN —

Sharp exit 1lip

Rounded exit 1lip

Pt,§/Poo= 3.1

Pt 3/Pop= 5.0 Pt,3/Pog= 50
(b) Afterburning nozzle. L-58-2a.1

Figure 9.- Concluded.

CONFIDENTTIAL



*OT3BI MOTJI-3YIToM POIOSII0D0 JO SanTBA TBIVADS 1B OT3BI aanssaxd
Arewtad Y3 TA FUSTOTIIO00 Frip-aanssaxd Apoqaarje JO UOTIBIIBA -'OT aan3T g

80_\_...—&
8 2 9 S v ¢ 4 I 8 2 9 g 14 € 2 _o
060:=N
(XX X
. .
cone’ 2
(A X E N ]
[ ]
*
L X N N X o
L XN ]
n = i SR SN S = iy ~—] I SR I N SN PR — -

[ d
L X N}
G60=W

el 2
..E 0’0y
« g
. s e 0
[ ] L]

. ®
" " “ gt Sl YR OO._n_Z L N P
L[] [ =t —

[ ] .

[ AR NN J
L] L ]
".“.. N.
. o

L
L ] L ]
"..." o
[ A X X X ]
e o o
* o o L__
. . ot~ d_ - e I

T . R Sl s N S S e mi s i e s N
soees F 9071 = I F
o:.mm ajzzou Butuinqiajy a1zzou BuiuinquajjpuoN
>

CONFIDENTIAL



.... : : .Comiﬂi‘ ..'. .... ‘:. [ ] 208 9000 0O
.2
ydl
|
(a) Forebody.
0 b——
.3
2 //
2
(b) External.
0t
.80 .84 .88 .92 .96 1.00 1.04 .08

M

Figure 1l.- Variation of jet-off model drag coefficient with Mach number.
Secondary air off.

CONFIDENTIAL



00 0800 000 0000 SO0 o0 [ X X J o0

l:..: ooo: o:o : o:o .o.o ."Cd\fF..DEH!.{Ai?'. : : .oo.
8.0 ,
£
//
7.0 =4
d'/ g
/ /
6.0 /1(5/“
Ja
5.0 '//
. VP4
//
F £
A 40 4
Poo”p /gé/
3.0 73]
°0 5 —O— Nonafterburner nozzle, Fp 4
s —-0— Nonafterburner nozzle, Fj,
—O— Afterburner nozzle, Fp
1.0 —-a-— Afterburner nozzle, F;, |
0
1.00 T_ Both nozzles
Fo —
— .90
Fip
.80
| 2 3 4 5 6 4 8

Pt,i/Pao
(a) Thrust characteristics.

Figure 12.- Performance of primary nozzles (no ejector shroud). M = O.

CONFIDENTTAL



L N (X ] L ] [ X J [ X X J oee 008 0000 .:.
RS HIE I R LRI I
o0 ) [ M\FIDENYIUD eose (X X eee o XX
.060
o
056 A,/
/
052 / /
/
048 £
/
i
/
044 ff
W 040 //J
pCDAp ’ é}
/
/
A
/
032 ;
A
A —O— Nonafterburner nozzle, Wp i
028 //fz — o — Nonafterburner nozzle, Wi’pT
# —O— Afterburner nozzle, Wy
P2 —-& — Afterburner nozzle, W, 1
024 -
A
L
.020 4
.00 V“Bothnozzms
Wp 1
w90
Wip
.80
| 2 3 4 5 6 7 8

Pr,i/Peo
(v) Flow characteristics.

Figure 12.- Concluded.
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(a) M = 0.90; nonafterburning nozzle.

Figure 13.- Variation of gross ejector thrust coefficient with primary
pressure ratio at constant values of secondary air weight flow.
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Figure 1%.- Continued.
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Figure 13.- Continued.
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Figure 15.- Variation of ejector gross thrust ratio with Mach number at
scheduled conditions.
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